OBJECTIVE: Surgical approaches to ambient cistern lesions are complex. We investigated the microanatomy of the transtemporal-transchoroidal fissure approach to the ambient cistern with emphasis on exposure of the posterior cerebral artery. METHODS: Dissections were performed bilaterally in five silicone-injected cadaveric heads. Critical anatomic distances, specifically with reference to the P2 segment of posterior cerebral artery in relation to the inferior choroidal point and P2-P3 junction, were measured with digital calipers. Other landmarks (temporal lobe tip, points from the temporal base to the choroidal fissure) were included for quantitative analysis.
T
he choroidal fissure is a narrow, C-shaped cleft between the fornix and thalamus. It serves as an attachment site for the choroid plexus of the lateral ventricle. It extends from the foramen of Monro to the inferior choroidal point. The tenia thalami and tenia fornicis connect the choroid plexus to the thalamus and the fornix, respectively, except in the temporal horn, where the tenia fornicis is referred to as the tenia fimbriae. The choroidal fissure is the thinnest part of the medial ventricle wall and may be used as a surgical corridor to reach the ambient cistern and its structures. In 1988, Nagata et al. (14) published an anatomic description of the microanatomy of the choroidal fissure and approaches to the mesial temporal lobe and ambient cistern through the temporal horn. The ambient cistern is not easily accessible. With difficulty, the pterional approach, the subtemporal approach, and the occipital interhemispheric transtentorial approaches have been used to treat lesions in this region (e.g., the P2 segment of the posterior cerebral artery [PCA]) (1, 2, 8, 17, 18) . Occasional reports have appeared describing the transtemporaltranschoroidal fissure approach to treat vascular lesions in the ambient cistern, but have not provided details regarding the technique (16, 18) . We describe the anatomic details of the transtemporal-transchoroidal fissure approach for surgical access of the ambient cistern. This approach facilitates access to this challenging region and may lessen the surgi-cal complications that have been associated with other approaches.
MATERIALS AND METHODS
A microsurgical anatomic study was performed on both sides of five human cadaveric heads. Colored silicone was injected into the arteries and veins to demonstrate vascular relationships. Digital calipers were used to measure (in millimeters) eight critical surgical distances between key landmarks ( Fig. 1): 1) from the inferior choroidal point (i.e., origin of the choroidal fissure) to the temporal tip, 2) from the inferior choroidal point to P2 in the same coronal plane, 3) from P2 to the base of the temporal lobe in the same coronal plane, 4) from the inferior choroidal point to the base of the temporal lobe in the same coronal plane, 5) from the inferior choroidal point to the intersection between the choroidal fissure and the P2-P3 junction in the coronal plane, 6) from the P2-P3 junction to the level of the choroidal fissure in the coronal plane, 7) from the base of the temporal lobe to the P2-P3 junction in the same coronal plane, and 8) from the choroidal fissure to the base of the temporal lobe in the same coronal plane. Descriptive statistics (mean and range) were used to determine key measurements. Initially, the dissection was performed to simulate the surgical approach. However, for measurements and anatomic demonstrations, removal of certain brain regions was essential.
RESULTS

Anatomic Measurements
The key measurements in the transtemporal-transchoroidal fissure approach were as follows ( Fig. 1 and Table 1 ): 1) the mean distance from the inferior choroidal point to the temporal tip was 41.6 mm (range, 40.0-42.9 mm); 2) the mean distance from the inferior choroidal point to P2 in the same coronal plane was 7.0 mm (range, 3.6-12 mm); 3) the mean distance from P2 to the temporal base was 11.1 mm (range, 7.0-15.1 mm); 4) the mean distance from the inferior choroidal point to the base of the temporal lobe was 18.1 mm (range, 16.9-21.9 mm); 5) the mean distance from the inferior choroidal point to the coronal plane intersecting the P2-P3 junction was 13.6 mm (range, 6.4-19.1 mm); 6) the mean distance from the P2-P3 junction to the level of the choroidal fissure was 6.0 mm (range, 4.3-6.9 mm); 7) the mean height from the base of the temporal lobe to the P2-P3 junction was 11.9 mm (range, 10.3-12.7 mm); 8) the mean distance from the level of the choroidal fissure to the base of the temporal lobe at the P2-P3 junction was 17.9 mm (range, 17.0-22.5 mm).
Anatomic Observations
The temporal horn and choroidal fissure can be approached most directly with the least retraction of the temporal lobe along a plane intersecting the choroidal fissure and temporal horn to the cortical surface. This plane corresponds to the level of the middle temporal gyrus (Fig. 2) ; however, we prefer a slightly more inferior approach through the inferior temporal sulcus, which minimizes cortical dissection. In some cadavers, the inferior temporal sulcus is less distinct in the posterior portion of the temporal lobe because the separation between the middle and inferior temporal gyri is unclear. In such cases, we used an imaginary line drawn posteriorly from the anterior portion of the inferior temporal sulcus.
The cortical incision should be 2 to 3 cm in length through the base of the inferior temporal sulcus (Fig. 3A) . The incision is more posterior than that used for amygdalohippocampectomy, starting approximately 4 cm back from the temporal lobe tip. It was found that the temporal horn is approximately 2 cm deep from the cortical surface. The lateral wall of the temporal horn is formed by the tapetum and associated fibers, which separate the ependymal surface from the optic radiation. Its floor is formed by the collateral eminence laterally and the hippocampus medially. Its roof is formed by the tail of caudate nucleus medially and the tapetum laterally, which also separates the temporal horn from the fibers of the optic radiation, the uncinate fascicle, the occipitofrontal bundle, the anterior commissure, the extracapsular thalamic peduncle, and the infralenticular part of the internal capsule. The medial wall of the choroidal fissure is usually covered by the choroid plexus and choroidal vessels (Fig. 3B) . The anterior wall is formed by the prominence of the amygdala. In the temporal horn, the choroidal fissure originates from the inferior choroidal point just posterior to the amygdala. It extends posteriorly and curves slightly superiorly as it enters the atrium of the lateral ventricle, which is the posterior limit of this approach. The inferior choroidal point and external auditory meatus lie in the same coronal plane.
In the temporal horn, the choroidal fissure is situated between the thalamus and fimbria of the fornix, and the choroid plexus is attached to the tenia fimbriae and tenia thalami. The choroidal artery and numerous venous branches pass through the tenia thalami. To avoid damaging these vessels, dissection through the tenia fimbriae is preferable. The tenia fimbria is an avascular area loosely attached along the inferior part of the choroid plexus, from which it is easily separable. When dissecting through the tenia fimbriae during a transchoroidal dissection, the upper part of the ambient cistern can be seen. The optic tract is visible anteriorly, and the lateral geniculate body and thalamus are visible posteriorly (Fig. 3C ). These structures are medial and rostral to the tenia fimbriae and thus difficult to injure if dissection proceeds carefully. The dentate gyrus and parahippocampal gyrus are located medial and caudal to the choroidal fissure and are part of lateral wall of the ambient cistern. The upper part of the ambient cistern medial to the choroidal fissure is located on the superior surface of the parahippocampal gyrus.
The only significant arterial branches visible in the temporal horn are the choroidal arteries. The anterior choroidal artery is located anteriorly as it enters the choroid plexus at the inferior choroidal point (Fig. 3B) . Posterior to the anterior choroidal artery are the lateral posterior choroidal arteries, which originate from P2 or P3 and course laterally and anteriorly (Fig.  3C) . The number of lateral posterior choroidal arteries in one hemisphere varies from one to nine (average, four) (5, 6). The lateral posterior choroidal artery branches remain lateral to P2 and the basal vein of Rosenthal before entering the choroid fissure. The basal vein of Rosenthal courses rostrally and medially to P2. As in other parts of the lateral ventricle, the ependymal and choroidal veins are easily seen. The veins closely related to the transtemporal-transchoroidal fissure approach are the small transverse hippocampal veins that run medially across the hippocampal formation. These veins merge in the anterior part of the choroidal fissure to form the anterior longitudinal hippocampal vein just before it pierces the base of the fimbria of the fornix and courses to the ambient cistern, where it drains into the basal vein of Rosenthal (Fig. 3D) . Excessive retraction on the hippocampus caudally can jeopardize this vein. The veins in the roof of the temporal horn also are at risk. The largest of these is the inferior ventricular vein, which drains the sublenticular part of the internal capsule and optic radiations. The inferior ventricular drain courses anteromedially, traversing the choroidal fissure through the tenia thalami just behind the inferior choroidal point before joining the basal vein of Rosenthal. Dissection through the tenia fimbria limits the risk of injury to this and other venous structures.
During this approach, we identified the PCA by tracing the lateral posterior choroidal arteries medially. When the hippocampus was retracted along with the fimbria of the fornix, the lateral posterior choroidal arteries could be followed to the distal segment of P2 and to the P2-P3 junction (Fig. 3D) .
DISCUSSION
Pathological lesions in the ambient cistern are challenging to access, regardless of the surgical approach used. Because such lesions are deep and medial to the mesial temporal lobe, the ambient cistern is surrounded by a number of eloquent structures. Lateral approaches such as the subtemporal approach require elevation and retraction of the temporal lobe (1, 2, 8, 17, 18, 21) . The subtemporal approach can be used for lesions located in the inferior part of the ambient cistern but is unsuitable for lesions located more superiorly because of the risk of injury to the vein of Labbé and temporal lobe. Lesions located along the upper surface of the parahippocampal gyrus are hidden from the subtemporal view by the medial surface of the parahippocampal gyrus, which cannot be improved by elevation of the temporal lobe (19) .
Anteriorly, the pterional transsylvian and orbitozygomatic approaches provide views of the crural cistern, but access to the ambient cistern is obstructed by the cerebral peduncle (18, 21, 22) . Posteriorly, the occipital interhemispheric approach allows visualization of the posterior portion of the ambient cistern but requires retraction of the occipital lobe. Furthermore, the surrounding arachnoid must be dissected and the important tributaries of the vein of Galen, including the basal vein of Rosenthal and anterior calcarine veins, must be mobilized (18) . In cases involving aneurysms of the P2-P3 junction, the surgeon confronts the aneurysm dome before identifying the parent artery.
The choroidal fissure is the thinnest part of the medial ventricle wall and can be used as a corridor to nearby compartments. In the temporal horn, the choroidal fissure is closely related to the ambient cistern. The tenia fimbriae is avascular and only loosely connected with the choroid plexus, making it a good site for separation. The important neural structures, including the optic tract, lateral geniculate body, and thalamus, lie medially and rostrally to the choroidal fissure. To visualize the ambient cistern, the fimbria and hippocampal formation should be retracted inferiorly to minimize the risk of injury to the optic tract. Retraction of the fimbriae of the fornix and hippocampus is associated with risk of injury; however, unilateral damage to these structures does not normally lead to neurological deficits (4, 7).
Zeal and Rhoton (22) subdivided the P2 segment of the PCA into an anterior portion designated P2a and a posterior part designated P2p. P2a begins at the posterior communicating artery and courses between the cerebral peduncle and uncus to the proximal portion of the ambient cistern. P2p begins at the posterior edge of the cerebral peduncle at the junction of the crural and ambient cisterns and extends to the P2-P3 junction.
The transtemporal-transchoroidal fissure approach is most suitable for vascular lesions involving the P2p segment of the PCA and the P2-P3 junction. This approach offers an advantage over the subtemporal approach by remaining approximately 18 mm more superiorly and minimizes the risk of injury to the vein of Labbé and temporal lobe associated with subtemporal retraction. By opening the choroidal fissure 20 mm, the segment of the PCA from the origin of P2p to the P2-P3 junction can be viewed in its entirety. The length of this segment ranges from 6.4 to 19.1 mm.
In terms of the transcortical approach, the shortest and straightest axis to the temporal horn and choroidal fissure is through the middle temporal gyrus and subsequently through the lateral wall of the temporal horn. However, this route is associated with an unacceptably high risk of neurological deficits. Ebeling and Reulen (3) studied 50 temporal lobes and found that the optic radiation at the tip of the temporal horn lies in the roof of the ventricle. At the middle portion of the temporal horn, the optic radiation coursed along the roof and lateral ventricular wall, whereas at the atrium, the optic radiation coursed along only the wall of the lateral ventricle. Gonzalez and Smith (10) recommended that the surgical approach to the temporal horn target the floor or the lower lateral wall of the temporal horn (Fig. 4) . The sensory speech cortex is located at the posterior aspect of the superior and middle temporal gyri in the dominant hemisphere (15) .
Various routes can be used to expose the temporal horn to avoid potential neurological deficits from damage to Meyer's loop and Wernicke's area. Weisser and Yaşargil (20) proposed approaching the temporal horn for a selective amygdalohippocampectomy through the temporal stem. Heros (11) used a cortical incision through the inferior temporal gyrus as a corridor to the temporal horn for the treatment of arteriovenous malformations in the mesial temporal lobe. Nagata et al. (14) recommended approaching the temporal horn through an incision along the occipitotemporal sulcus. Ikeda et al. (12) also suggested an inferior temporal gyrectomy as a corridor for the transchoroidal approach to treat aneurysms, arteriovenous malformations, and meningiomas in the right ambient cistern without inflicting additional neurological deficits.
Because the optic radiation primarily courses in the roof and lateral wall of the temporal horn, most authors suggest approaching the temporal horn through its floor or lower lateral wall (9-14, 16, 18) . To avoid deficits related to injuries to Wernicke's area, a cortical incision in the inferior part of the temporal lobe has been recommended (11, 12, 14, 16, 18) . The disadvantage of accessing lesions from the inferior temporal gyrus or below is that the axis of approach is not straight. Hence, more retraction of the temporal lobe and hippocampal formation is required (Fig. 2) .
Gerber and Smith (9) successfully used a frameless imageguidance system, whereas Miyagi et al. (13) used laser beam frame stereotactic navigation as an aid for approaching the temporal horn through the inferior temporal sulcus. This point of entry, anterior to the tragus, was used for selective amygdalohippocampectomy and was associated with no speech and visual field deficits. We recommend approaching the temporal horn through the inferior temporal sulcus anterior to the tragus. Using image-guidance navigation, ultrasound guidance, or both when entering the floor or inferior portion of the lateral wall of the temporal horn minimizes the risk of injury to the optic radiation. In our view, this approach provides maximum advantage in terms of distance, a straight angle of approach, and less retraction.
COMMENTS I
n lower mammals, the ancient hippocampus still occupies a primitive dorsal position in the medial wall of the cerebral hemisphere. As it is displaced back and down throughout phylogenesis due to the great expansion and curvature of the neocortex and by the development of the corpus callosum, its efferent fiber projections are maintained by their lengthening and creation of the fornix (4) around the morphological center of each hemisphere than constituted by each thalamus.
The choroid fissure, located between the telencephalon and the diencephalon, constitute the most medial and inferior cerebral border. Its understanding depends on the comprehension of the deep brain structures and of their related spaces and enables the neurosurgeon to perform deep, complex, and elegant approaches.
The authors studied the transtemporal-transchoroidal fissure approach to the ambient cistern done through the inferior temporal sulcus in order to spare the optic radiation, as proposed by other authors referred to in the text. They present new, interesting, and practical anatomical and technical directions pertinent to the procedure with very didactical illustrations.
As pointed out by the authors, the inferior temporal sulcus has a variable anatomy, being usually interrupted, and this is one of the reasons that the approach to and then through the temporal horn is generally done through the more constant and continuous superior temporal sulcus (3) and/or through the middle temporal gyrus. These procedures are done in similarity, having a 'prototype,' the conventional amygdalohippocampectomy described originally by Niemeyer in 1958 (2) . Regarding its possible surgical damage to the optic radiation, it is important to mention that according to the literature, patients who undergo different temporal lobe epilepsy surgeries usually are assymptomatic despite the occasional detection of possible visual fields defects (1, 5, 6) . The microneurosurgery that developed pathways through the brain cisterns, fissures, and sulci should now proceed throughout the brain itself sparing important fiber bundles, and the proposal presented by Dr. R. Siwanuwatn and collaborators definitely is in this direction.
As in other surgical anatomy studies that evaluate just a few specimens, the obtained measurements are not proper for a more profound statistical analysis, and very often they don't even have a normal distribution. Their average values and their variations should be used as rough values for surgical orientation and not as absolute quantitative data; however, they are very useful in the surgical practice. temporal sulcus or through the proximal part of the sylvian fissure. The approach through the inferior temporal lobe, as described in this paper, has less chance of damaging the optic radiations than the approach directed through the sylvian fissure to the temporal horn. The choroid plexus is attached along the choroidal fissure in the temporal horn. It is attached on one side to the fimbria and on the opposite side to the lower surface of the thalamus. It is better to open the fissure along the forniceal side than on the thalamic side because the large veins draining the sublenticular part of the internal capsule and the optic radiations drain through the thalamic side. The veins passing through the fimbria side of the fissure are much smaller than those passing through the thalamic side.
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